Introduction
The motivation for writing this chapter is at least threefold: the extremely promising laser characteristics of GaN quantum dot semiconductor lasers; their vast application potential in high-power and high-temperature optoelectronic devices like optical communications, industrial manufacturing, medicine, military uses, sensing and optical coherent tomography. Low noise is one of the requirements in the wide range of applications that one hopes to arrive at in the use of optoelectronic devices that deals with QD structures. When the size of an electron system reaches the nanometer scale, noise becomes a very interesting problem [2] . Its origin lies in spontaneous emission and shot noise; the last of which is a nonequilibrium fluctuation, caused by the discreteness of the charge carriers. From the investigation of shot noise, one can learn additional information on electronic structure and transport properties. It is directly related to the degree of randomness in carrier transfer [2, 3] . In most experimental studies, it is assumed [4] that the frequency fluctuation processes are either infinitely fast, leading to homogeneous broadening, or infinitely slow, leading to inhomogeneous broadening. However, effects of a spectral fluctuation on a picosecond time scale have been observed in experiments, showing that the frequency fluctuation [4] is not always infinitely fast or slow. The random forces have no memory and the correlation of their product function is a delta function. The memory effects [6, 7] arise because the wave functions of the particles are smeared out so that there is always some overlap of wave functions. As a result, the particle retains some memory of the collisions experienced through its correlation with other particles in the system. Quantum dot semiconductor lasers is the subject of intense investigations for the last and this decades owing to their unique properties that arise from 3-D quantum confinement. This is due to the expected characteristics like: Low threshold current density, high characteristic temperature and small linewidth enhancement factor (LEF) [1] . This latter property should lead to an increased tolerance to optical noise with the perspective of achieving isolator-free lasers, of particular importance for low-cost lasers in metropolitan and local area networks [8] . The peculiar property of the semiconductor QDs grown by selfassembling are: 1) the strong compressive strain inside the QDs which leads to a significant deformation of the potentials respect to the bulk case [9] , 2) the inhomogeneous distribution of the QD size [10] , [11] and 3) the presence of more than one confined energy state inside the QDs [12] . The origin of laser fluctuations in intensity and phase lies in the quantum nature of lasing process itself. These fluctuations are of great importance since they introduce errors in optical communications. In fact, every spontaneous emission event in the oscillating mode, varying the phase of the electromagnetic field (quantum noise) is responsible for the carrier density variation [13] .
In this chapter, we report on the RIN performance of GaN/Al 0.25 Ga 0.75 N/AlN QD laser. The influence of power and relaxation time, as well as the intensity noise properties of the input signals, is investigated. It will be shown that improvement in the RIN performance is possible under certain operating conditions. This paper is organized as follows. In Section II, the general aspects of our investigation are presented, as well as the derivation of the RIN in QDs. The results are presented and discussed in Section III. Finally, the current and future developments are given in Section IV.
In the recent years we have seen an ever increasing number of papers and conferences dealing with theory and experiments with QD devices. This has produced a huge amount of information and sometimes contradictory results. As a consequence it can be difficult for new starters finding the right way for getting a basic understanding of the physics of QD devices. In this chapter we have therefore introduced several references to those papers we judged to be fundamental for understanding the basic physics of QD lasers with the hope of providing a useful guideline for those who start adventuring in this field.
Relative intensity noise
Relative intensity noise (RIN) is studied by introducing the Langevin noise terms in the laser rate equations (REs) as a driving force where the REs of the carrier-number, or -density, for the active, barrier and SCH layers are used [14, 15] . Here, we modeled the REs by using occupation probability of carriers in the QD, WL and SCH layers. The QDs used here are assumed to be in the form of a disk shape. The laser structure studied is illustrated in Fig.(1) . The energy diagram of the QD laser active region is depicted in Fig. (2) . QD states are taken into account here by introducing the excited state (ES) in addition to the ground state (GS). The WL, which is in the form of a quantum well, is represented by one energy state [16] . The Pauli-blocking due to state filling is taken into account. The resulting REs system including noise then becomes, ,, The occupation probabilities for the GS and ES are defined as f GS = n GS /2N D and f ES = n ES /4N D , where n GS (n ES ) is the number of electron-hole (e-h) pairs in the GS (ES), N D is the total number of QDs, g GS is the GS gain while the SCH and WL populations and the photon occupation are described by the normalized terms: f sch = n sch N D , f wl = n wl N D , and S p = n p N D , respectively. n p is the photon number, Г is the optical confinement factor. In Eq. (5), the last term on the righthand side (2βf GS /τ r ) represents the rate of photons emitted by spontaneous emission coupled into the lasing mode. Note that, the size inhomogeneity of the dots is included in the expression of the gain. The capture and escape times; in Eqs. (1-4) are given by [1] 11 ,, 
Where 1/τ ij is the carrier lifetime in the SCH, WL and QD regions [1] . Using Eqs. (11) and (12), the spectral density of the intensity noise is given by the following expression 
Where Re (.) and IM (.) stands respectively, for the real and imaginary parts of the complex argument.
To see the origin of this RIN model let us compare it with the earlier rate equation models. Properties including structure dependence, in this model, are to be discussed elsewhere. Its effect on the modulation response in the carrier transport model is discussed in Ref. [11] .
One can see that This returns it to the three-level carrier transport model as in Ref. [12] . 2. After making the assumption described for (1), this returns it to the earlier one where it becomes only the active region (QD-region here) which is taken in the analysis as in Ref. [8] .
Accordingly, the RIN can be split into six components by make each equation refers to only force effecting without the correlation with other forces in the system. 
.
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FF RIN denotes that the RIN is due to the mixing of the two noise sources, F GS and F SP .
Results and discussion
The GaN/Al 0.25 Ga 0.75 N/AlN QD laser structure is taken as an example for relative intensity noise study. GaN dots studied here are assumed to have a disk shape with a radius of (14 nm) and (2nm) height. Its maximum gain (1800 cm -1 ) appears at ( =345nm(3.6 eV)). The differential linear gain and the transparency surface carrier density (the carrier density at zero gain) values are calculated, respectively, as (3.35×10 18 cm 2 and 1.54×10 12 cm -2 ). The RIN for GaN/Al 0.25 Ga 0.75 N/AlN QD lasers has been computed using Eq. (13) . The parameters used in the calculation are listed in Table 1 . Fig. 3 shows contributions of RIN components results due to effect of: SCH (F SCH ), WL (F WL ), ES (F ES ), GS (F GS ) and that part results from photon density (F SP ). These components are listed in Eq. (14) . It is shown that the main noise contribution comes from WL and ES. This also with our conclusion about the chaotic behavior of QD structures [18] . RIN pronounced peak from relaxation oscillations at resonance frequency of 5 GHz, Fig. 4 shows ES contribution to noise (F ES ) at two ES recombination times compared with RIN spectrum. Longer recombination time reduces the noise. Fig. 5 shows the recombination time effect on the WL contribution to noise (F WL ). It is shown that this time has more pronounced effect on reducing WL contribution. Noise reduction due to recombination can be attributed to reduction of threshold current which can reduce noise. Both figures (4and 5) show a different situation when the recombination time (τ 33 ) in the QD region becomes the variable parameter. The larger effect of τ 33 on RIN spectra is obvious . At (τ 33 2.8 ps) the relaxation oscillation frequency begins to retard.
Laser parameters
Active region length, L = 900 nm Active region width, W = 0.1 m Number of QD layers, N w = 10 QD density per unit area, N d = 5×10 12 cm -2 Internal loss, int = 3 cm -1 Spontaneous emission factor, = 10 -4 Table 1 . Parameters of the QD material and laser [1] www.intechopen.com 
